Background: Lingual epithelia in the tongue tip are among the most rapidly regener-
| INTRODUCTION
It has been established that there are four papillae in lingual epithelia, namely filiform, fungiform, circumvallate and foliate papillae. 1, 2 Comparing current reported tissue turnover rates, lingual epithelia in the tongue tip are among the most rapidly regenerating tissues. [3] [4] [5] [6] In a previous study we showed that cell development varies, depending on position on the tongue and type of papillae. 5 Other studies showed that mutation of the EGF, 7 TGFb 8 and KLF4 9 signaling pathways in K14+cells resulted in significant pathological changes in lingual epithelia, and overexpression of Gli1 in K5+ cells led to basal cell carcinomas in skin epithelia. 10 In addition, disruption of BMP signaling pathways in K14+cells has been shown to change the shape of spines in filiform papillae. 11 While there have been many reports of epithelia stem cell and hair follicle development, 3, 4, [12] [13] [14] [15] few have focused on lingual epithelia and lingual papillae. [16] [17] [18] [19] [20] [21] In mouse tongue, continual turnover is observed in both the lingual papillae and epithelia. Previous studies have suggested a model in which long-term, self-renewing stem cells reside in the base of the papillae. The transit-amplifying (TA) and differentiating descendants move up along the basal lamina. 22 In another study, the basal progenitor cells consist of a common K14+-K5+-Trp63+-Sox2+popu-lation of bipotential progenitor cells, localized at the base of filiform and fungiform papillae. 16 The keratinocytes of the filiform and fungiform papillae originate from these populations. 23 Recently, based on our previous results using mutation of TGF-b signaling in K14+ and NTPDase2+ cells, a developmental model has been suggested for lingual epithelia and papillae. There are multiple stem cell pools in lingual epithelia and papillae consisting of stem cells pools, TA cell pools and differentiated cell pools. 5, 24 Like K14+ cells, NTPDase2+ cells are also a type of stem cell, responsible for generating lingual epithelia and papillae (including fungiform papillae, filiform papillae and taste bud cells). 24, 25 In order to further investigate the cellular identity of NTPDase2+ cells directly in vivo and provide more evidence to support the cell-genesis model occurred in lingual epithelia and papillae, three strategies were employed in our study. One strategy combined the targeted disruption of the TGF-b signaling pathway with delivery of doxycycline to achieve a specific and inducible mutation of NTPDase2-expressing cells. 5 The second strategy allowed fate mapping of progeny cells derived from NTPDase2-expressing cells by using the targeted expression of
Cre recombinase (Cre) to excise a loxp-flanked stop signal and activate reporter gene expression (GFP/LacZ). 5 The third strategy used in the current study was to target suicide genes to control cell ablation ( Figure S1A and S1B). The most common approach for conditional cell ablation is based on the targeted expression of herpes simplex virus thymidine kinase (HSV-TK), in which the injection of ganciclovir results in damage to cell division. 26, 27 An alternative approach employs the cell-specific expression of the diphtheria toxin-A (DTA) subunit, which is highly dependent on the tissue specificity of the promoter. 28, 29 The toxicity of DTA is so high that the cell can be killed when one molecular DTA is expressed in the cytosol. 30 As previously mentioned, a genetic mapping model has shown that NTPDase2+ cells contribute to the formation of filiform papillae, generate the taste bud cells, and produce lingual epithelia. 5, 24 Given Cruz Biotechnology, sc-206) and GNAT3 (rabbit, Santa Cruz Biotechnology, sc-395), Tgfbr2 (Goat, Santa Cruz Biotechnology, sc-400), S100b (Rabbit, Sigma S-2644) and PGP9.5 (Rabbit, Millipore AB1761).
Single antibody immunostaining was performed as follows.
Cryosections were washed in PBS (3 9 10 minutes), placed into blocking solution (1% bovine serum albumin [BSA], 1% normal horse serum, and 0.3% Triton X-100 in PBS) for 1-2 hours, and then incubated in a mixture of the polyclonal, primary antisera: rabbit anti-GNAT3, PLCb2, PGP9.5, S100b ( Counterstaining was carried out with standard hematoxylin staining and bright field images of the sections were captured digitally.
Cell numbers were counted in the serial sections with ImageJ software. In order to measure the ratio of cell to total tissue area in lingual epithelia (basal/suprabasal cell layers), we drew an irregular frame over a section of lingual epithelium that contained basal/ suprabasal cell layers and excluded the cells forming filiform papillae.
Then the area of basal/suprabasal cells within the irregular frame was calculated (area of basal-suprabasal cells/area of lingual epithelia). In order to measure the ratio of cell to total tissue area in connective tissues, we drew an irregular frame over a section of connective and muscle tissue. The area of cells within the irregular frame was calculated (area of cells/area of connective tissue). These data were analyzed by one-way analysis of variance using SPSS 11.5
software. Differences were considered to be significant when P < .05.
3 | RESULTS
| Fifteen days of Dox induction ablated NTPDase2 expression in lingual epithelia
In a previous study, we generated NTPDase2-rtTA transgenic mice.
Using double-and triple-crossed mice, NTPDase2 was shown to be expressed in lingual epithelia and papillae. 24 In order to study further the characteristics of NTPDase2+ cells, we crossed the NTPDase2-rtTA transgenic mice with TeTO-DTA transgenic mice 28 to create a double transgenic NTPDase2-rtTA-TeTO-DTA mice ( Figure 1A ).
In agreement with previous reports, 24, 32 confocal analysis revealed that NTPDase2 expression was widely observed in lingual epithelia and papillae. Tgfbr2 expression was also detected in lingual epithelia and papillae, as suggested in a previous study. On the other hand, the current study also revealed that Sox2+ It has been reported that NTPDase2 is expressed in the peripheral nervous system. 47 Theoretically, DTA expression in NTPDase2+ cells could damage the distribution of the peripheral nervous system in the tongue. The presence/distribution of the nervous system in this tissue is thought to link to the maintenance or regeneration of taste buds. [48] [49] [50] Our results indicate that S100b,a marker for Schwann cells of the peripheral nervous system, 51, 52 was still observed in lingual epithelia and papillae after Dox induction, indicating the presence of the peripheral nerve system in papillae. This excludes the possibility that damage to the peripheral nerve system may contribute to the pathological changes to filiform papillae. In our previous study, it was shown that NTPDase2+ cells have the characteristics of stem cells, and are able to generate lingual epithelia and lingual papillae. Meanwhile, a model of cell genesis in papillae and lingual epithelia has been suggested. Based on this model, the presence of multiple stem cell populations can be observed in lingual epithelia and papillae. 5, 24, 25, 45 We speculate that DTA expression in NTPDase2+ cells may interrupt homeostasis of the stem cell populations in lingual epithelia and papillae, which contributes to pathological changes in these tissues. 
| DISCUSSION
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